Supplemental Results
germ were negative, and during anagen the lacZ-negative domain became confined to a subset of ORS cells, whereas sebaceous glands were either lacZ-positive or negative. During telogen of the first and second HF cycles, the bulge (stem cell region) contained both lacZ-positive and lacZ-negative cells (Figure S1L 
Transcriptional and Proliferation Alterations in the Absence of Epithelial Smo Activity
To determine the molecular basis of aberrant skin development in K14-Cre; Smo f/f and K14-Cre; Smo -/f mice, we analysed the expression patterns of genes encoding factors controlling HF morphogenesis and differentiation, including Bmp2, Bmp4, Hoxc13, Msx1, Msx2, Wnt5a and Epiprofin (Godwin and Capecci, 1998; Kulessa et al., 2000; Nakamura et al., 2000; Satokata et al., 2000; Reddy et al., 2001; Kobielak et al., 2003; Andl et al., 2003; Yuhki et al., 2004) . Additional analyses included the epidermal markers Wnt7b (Reddy et al., 2001) and Keratin 1 as well as the ORS markers and Shh targets in HF and follicular tumors, including Keratin 17, Foxe1 and Sox9 (McGowan and Coulombe, 1998; Mill et al., 2003; Oro and Higgins, 2003; Callahan et al., 2004; Brancaccio et al., 2004; Bianchi et al., 2005; Hutchin et al., 2005; Vidal et al., 2005; Svärd et al., 2006) . Cell proliferation was assessed using 3 HTdR labeling, anti-Ki 67 immunostaining and in situ hybridization with a Cyclin D1
probe. (Data are summarized in Table S2 ; see also Figures S4 and S5).
The Heterotopic Glands (hg) Differentiate into Mammary Glands In Vitro and Express Mammary Gland Markers
After in vitro culture in the presence of 17β-estradiol and progesterone, the hg and mid-ventral skin explants generated well developed glandular ductal structures Both the hg associated with the mutant follicles and the hg that emerged from the IFE expressed genes that are normally expressed during mammary gland development, including Barx2, Sox9, Tbx3 (Krasner et al., 2000; Pask et al., 2002; Davenport et al., 2003) and Wnt7b (this study), and the expression levels were similar to those of control orthotopic mammary glands. Finally, similar to orthotopic mammary glands, the hg were devoid of Shh, Ptc1 and Ihh (Figures S6J-M and data not shown).
Absence of Glandular Metaplasia and De Novo Folliculogenesis in the Total

Absence of Shh and Absence of Major Skin Changes Following Partial Removal of Epithelial Smo Activity
Four to 6 weeks post-grafting, dorsal and ventral grafts from control fetuses produced normal furs with the ventral ones being less dense than the dorsal, consistent with dorsal-ventral differences in pelage hair ( Figures S7A-B Figures S7E-F) . While dorsal HF were normal ( Figure S7M-N) , some abnormal follicles developed in ventral skin grafts ( Figure S7O ). Furthermore, in the latter, one graft displayed a hg arising directly from the epidermis ( Figure S7P ). Table S1 ).
Supplemental Experimental Procedures
Generation of Mutant and Transgenic Animals and β-Galactosidase Staining
Transgenic mice expressing Cre recombinase under the control of Shh regulatory sequences (Shhgfp-Cre/+) or under the regulation of the enhancer element of cytokeratin 14 (K14-Cre/+) as well as the R26R conditional reporter mice have been described previously (Soriano, 1999; Dassule et al., 2000; Harfe et al., 2004) . The
Smo and Shh conditional alleles (floxed; [f]) generated by flanking the first and second essential exons, respectively, with loxP sites were as described (Dassule et al., 2000; Long et al., 2001; Zhang et al., 2001; Lewis et al., 2004) . The Smo and Shh null alleles were as described (St-Jacques et al., 1998; Zhang et al., 2001 promoter (hK14-Shh) were generated as previously described ( Adolphe et al., 2004) .
The different lines were genotyped by PCR as described previously (Soriano, 1999; Dassule et al., 2000; Long et al., 2001; Zhang et al., 2001; Adolphe et al., 2004; Harfe et al., 2004; Lewis et al., 2004 ; R26R mice at different developmental stages.
For β-galactosidase staining, tissues were processed essentially as described earlier (Vaziri Sani et al., 2005) . After fixation, skin from the above transgenic lines was stained for β−galactosidase, embedded in paraffin, sectioned and counterstained with Nuclear Fast Red.
Antibodies and Riboprobes
Anti-Shh/Ihh (diluted 1:2000) was as described (Bumcrot et al., 1995; Gritli-Linde et al., 2001 Foxe1, Hoxc13, Ihh, K17, Msx1, Msx2, Ptc1, PTHrP, Shh, Smo, Sox9, Tbx3, Wnt5a, Wnt7b, and Wnt10b . In situ hybridization was performed on sections of both dorsal and ventral skin specimens from control and mutant unpigmented animals and processed on the same histological slide. Brightfield images were included in some panels to avoid artefacts generated by keratin deposits and tissue distorsion which hamper signal visualization in dark-field images.
Hybridization signals appear as black or bright grains in bright-field and dark-field images, respectively. In some panels, silver grains were pseudo-colored red using
PhotoShop.
In Vitro Culture of Skin Biopsies
All culture media and supplements were purchased from Invitrogen, hormones from
Sigma. Small pieces of dorsal and mid-ventral skin fragments (excluding mammary glands/ducts) were dissected out from 3-5 days post-partum ( in a humidified atmostphere of 5% CO 2 in air at 37°C and in the presence of α-MEM medium, 2 mM Glutamax, 10% fetal bovine serum and antibiotics. After 24 hours, the medium was changed into a serum-free basal medium, a mix (1:1) of Dulbecco's MEM medium and M-199 supplemented with 2 mM Glutamax, antibiotics, 2 µl/ml bovine pituitary extract, 40 µg/ml bovine transferrin, 5 µg/ml insulin, 150 µg/ml ascorbic acid, 0.2% BSA, 12 ng/ml EGF. After 1 or 2 weeks, the explants were cultured for an additional 2 or 3 weeks in the above basal medium supplemented with 1 ng/ml 17-β-estradiol and 1 µg/ml progesterone. After estrogen/progesterone treatments, some explants were cultured for an additional 1 or 2 weeks in a medium containing the lactogenic hormones prolactin (5 µg/ml) and dexamethasone (1 µM) and devoid of estrogen/progesterone. Cultured explants were processed for paraffin embedding, histology and in situ hybridization.
Skin Grafting
Full-thickness midventral and dorsal skin biopsies taken from 18.5 days post-coitum (dpc) embryos were grafted onto similar size (≈ 8 x 6-8 mm) back skin recipient sites in anesthesized male or female nu/nu immunodeficient mice. The grafts were protected by surgical tape and bandage which were removed one week post-surgery.
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Dermal hypercellularity
Expansion of dc/DP at 
Abbreviations: dc/DP, dermal condensate(s)/dermal papilla(e); HF, hair follicle; IFE, interfollicular epidermis; ORS, outer root sheath; NdP, not determined but possible phenotypic manifestation; U; unclear due to delayed growth; (*) not applicable to de novo HF formation from the IFE at these early stages; (**), only rare follicles in grafts from ventral but not dorsal skin show the indicated phenotypic changes; (K17), outer root sheath phenotype determined only by histology and loss of Keratin17 expression; 18.5 dpc, analysis up to 18.5 dpc due to lethality at birth; 1dpp, analysis up to 1 dpp due to lethality 24 hours after birth. Extrusion of follicular keratinocytes (arrows) expressing Bmp4 (B and B') and Wnt5a (J) at the skin surface of mutants. In addition, the mutant skin displays the following anomalies: decreased levels and domains of expression of Msx2 (D) and Hoxc13 (F) in the hair matrix (hm) and differentiating hair cells (hc), a reduced domain of Epiprofin (H) expression in the inner root sheath (IRS), increased Wnt5a expression in the dermal condensates (dc) and severely reduced Wnt5a expression in the outer root sheath (ORS) in (J), severe reduction to background levels of Foxe1 (L), Sox9 (N) and Keratin 17 (V and W) expression in the ORS, ectopic expression of Wnt7b (P) and Keratin 1 (R) in the ORS and ectopic Keratin17 expression in the interfollicular epidermis (IFE) at suprabasal levels. However, in the mutants, the companion layer (cl) of the ORS and hc show normal expression levels of K17 (T, V, W). Keratin 17 expression is severely reduced in the ORS and is expressed ectopically in the IFE of a Shh -/-skin graft (X). The asterisks in (D), (F) and (P) indicate artefactual shiny areas generated by tissue distorsion and cellular debris. Scale bars: 50 µm in (W), 100 µm (A-R, U, V, X) and 200 µm (S, T). 
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